ABSTRACT: A free-ranging juvenile fisher (Martes pennanti) with ataxia, lethargy, stupor, and intermittent, whole-body tremors was examined postmortem. Microscopically, the fisher had protozoal meningoencephalitis caused by Sarcocystis neurona, which was confirmed by immunohistochemistry, polymerase chain reaction (PCR) and restriction fragment length polymorphism testing, and genetic sequencing. Sarcocysts found in the skeletal muscle of the fisher were negative for S. neurona by PCR, but were morphologically similar to previous light and electron microscopy descriptions of S. neurona. This is the first report of clinical neural S. neurona infection in a fisher.
Clinical encephalitis caused by Sarcocystis neurona or S. neurona-like parasites has been reported in free-ranging mammals including the raccoon (Procyon lotor), mink (Mustela vison), striped skunk (Mephitis mephitis), sea otter (Enhydra lutris), and Pacific harbor seal (Phoca vitulina) (Dubey and Hamir, 2000; Lindsay et al., , 2001 Dubey et al., 2001b Dubey et al., , 2002 Miller et al., 2001a and b) . In some cases, concurrent viral or bacterial diseases were associated with the protozoal infections, whereas in other cases the protozoal parasites were cited as the primary cause of morbidity. Dual S. neurona and Toxoplasma gondii infections have been documented in clinically affected mammals including a Pacific harbor seal and a northern sea otter (Lindsay et al., 2001; Miller et al., 2001b) . We report a case of acute meningoencephalitis caused by S. neurona and describe intramuscular sarcocysts of a possibly unrecognized Sarcocystis sp. in a free-ranging fisher (Martes pennanti).
On 13 July 2002, a male fisher was observed near a farmhouse in Garrett County (39Њ21ЈN, 79Њ23ЈW), Maryland, USA. The fisher had no fear of humans and was attacked by a dog. The fisher was livetrapped by the landowner and submitted to the Maryland Department of Natural Resources. On submission, the fisher was alert with ataxia of the pelvic limbs. The fisher eventually became lethargic, had whole-body tremors, and developed hindquarter paralysis. The fisher was euthanized by gunshot to the neck, refrigerated, and submitted to the Southeastern Cooperative Wildlife Disease Study (SCWDS), College of Veterinary Medicine, the University of Georgia, Athens, Georgia, USA, for diagnostic examination.
At postmortem examination, portions of the brain, skin, trachea, lung, heart, kidney, testis, liver, spleen, esophagus, stomach, pancreas, small intestine, large intestine, skeletal muscle, and urinary bladder were collected and frozen at Ϫ20 C. Portions of the brain, skin, trachea, lung, skeletal muscle, heart, kidney, adrenal gland, testis, liver, spleen, esophagus, stomach, pancreas, small intestine, large intestine, thyroid gland, and urinary bladder were fixed in 10% buffered formalin, embedded in paraffin, sectioned at 3 m, and stained with hematoxylin and eosin for light microscopy.
A T. gondii, and N. caninum IHC testing, and S. neurona, T. gondii, and N. caninum DNA amplification by polymerase chain reaction (PCR). Rabbit anti-T. gondii sera was a gift from J. P. Dubey. Rabbit anti-S. neurona (a mixture of SN6 and SNSO-1 strains) and rabbit anti-N. caninum (Nc-1 strain) antisera were made at Virginia Tech. Immunohistochemistry using the avidin-biotin technique (Peroxidase Rabbit IgG Vectastain ABC Kit; Vector Laboratories, Inc., Burlingame, California, USA) was performed with a 1: 500 dilution of each parasite antisera and was done as described by Lindsay and Dubey (1989) with the exception that slides were incubated in Antigen Retrieval Citra (Biogenex, San Ramon, California, USA) for 20 min before blocking with goat serum. Bound antibodies were visualized using diaminobenzidine reagent (Sigma Company, St. Louis, Missouri, USA). DNA amplification was performed using species specific primer pairs JNB 33/JNB 54 for S. neurona, B1 sense/B1 antisense for T. gondii, and Np6/Np21 for N. caninum as previously described (Hyman et al., 1995; Yamage et al., 1996; Tanhauser et al., 1999) , and the highly conserved, mammalian, 16s RNA gene (Hyman et al., 1995) was used as a control for DNA isolation. The DNA was extracted from 0.5 g of brain tissue using a commercial DNA extraction kit (DNA Maxi Kit, Qiagen, Valencia, California, USA). The purified DNA was diluted 1:100 and a 20-l aliquot was mixed with 200 l of InstaGene Matrix (Bio Rad, Hercules, California, USA). The samples were then incubated in a 56 C water bath for 30 min, and the PCR reaction was performed as previously described . The PCR products were run on a 0.5% agarose gel, and water was used as a negative control. For identification of S. neurona, the 1100-bp PCR product was digested separately with the restriction enzymes Hinf I or Dra I (Promega, Madison, Wisconsin, USA) and analyzed by electrophoresis on a 1% agarose gel with appropriate size markers. Merozoite (S. neurona SN6 or SN138 strain) or tachyzoite DNA (RH strain T. gondii; NC-1 strain N. caninum) was used as a positive control. Genetic sequencing was performed on the PCR products amplified from brain using S. neurona primers JNB 33/JNB 54. Analysis of the DNA was performed using Seqman program (DNAstar Applications, London, United Kingdom).
Brain and skeletal muscle specimens containing merozoites and schizonts and sarcocysts, respectively, were removed from paraffin blocks for electromicroscopy. Paraffin was extracted with 100% xylene, and tissues placed in 100% ethanol, postfixed in 1% osmium tetroxide, stained with 0.5% uranyl acetate, rinsed with deionized water, and infiltrated with an Epon-Araldite mixture. Semithin 1-m sections were stained with toludine blue and used to determine tissue orientation by light microscopy. Ultrathin sections were stained with 5% methanolic uranyl acetate and Reynold's lead citrate and examined using a JEM-1210 transmission electron microscope (JEOL USA, Peabody, Massachusetts, USA).
The fisher was estimated to be between 5 mo and 7 mo of age based on deciduous tooth replacement as well as baculum weight (Douglas and Strickland, 1987) . Body weight was 2.2 kg, and the carcass was in fair physical condition. The mucous membranes, subcutis, skeletal muscle, and liver were markedly pale. On the dorsal thorax, there were three areas of subcutaneous hemorrhage and one area of skeletal muscle hemorrhage, each approximately 1 cm in diameter. The right dorsal aspect of the right anterior lung lobe contained a focal area of hemorrhage approximately 3ϫ2 cm. A focal area of marked myocardial pallor, approximately 1 cm in diameter, was at the base of the heart. A diffuse, dark, meningeal exudate was present over a 3-cm diameter area of the dorsocranial aspect of the cerebral hemispheres.
Microscopically, the brain had multifocally extensive areas of necrosis and inflammation in the cerebrum, cerebellum, brainstem, and leptomeninges (Fig. 1A) . The lesions were most severe in the thickened, inflamed leptomeninges and the gray matter of the cerebrum, especially the hippocampus. The affected meninges and the subjacent tissue were infiltrated by a marked number of lymphocytes and plasma cells admixed with fewer macrophages and neutrophils. The cerebral and cerebellar gray matter contained multifocal areas of inflammation and necrosis that varied from glial nodules to areas of necrosis infiltrated with macrophages and fewer lymphocytes, plasma cells, and neutrophils; moderate to marked perivascular lymphoplasmacytic cuffing was present. White matter throughout the brain was less affected and contained scattered areas of mild to moderate, mononuclear inflammatory cells and perivascular lymphoplasmacytic cuffing. The cytoplasm of several neurons contained oval schizonts arranged in a rosette or irregular pattern (Fig. 1C) . Multiple oval to elongated, basophilic, protozoal zoites approximately 3-5 m in diameter were free in the neutrophil and within neurons (Fig. 1B) . Many were associated with inflammation and necrosis. Organisms in the brain were immunopositive for S. neurona (Fig. 1D) and immunonegative for T. gondii and N. caninum. Immunohistochemistry for CDV and FA testing for rabies virus, CDV, T. gondii, and N. caninum on brain were negative. Ultrastructually, in brain, neurons contained schizonts with numerous merozoites developing internally ( Fig. 2A, B ). Schizonts were located in the host-cell cytoplasm; developing merozoites contained micronemes but not rhoptries. Mature intracellular and extracellular merozoites containing micronemes, but without rhoptries, were also observed.
In sections of skeletal muscle, there were multiple, mature sarcocysts that were not associated with inflammation. By light microscopy, the sarcocysts were up to 200 m in length and 30 m wide. The sarcocyst wall was 1-3 m thick and had minute villar protrusions (Fig. 3A) . One sarcocyst in skeletal muscle was examined ultrastructurally (Fig. 3B, C) . The wall of the sarcocyst parasitophorous vacuolar membrane consisted of numerous, sloping villar protrusions, up to 2.2 m in length and 0.4 m wide, and was lined by an electrondense layer that was interrupted, giving the villar protrusions a hob-nail appearance. The villar protrusions had roughly parallel walls with pointed tips and were slanted. They contained up to seven microtubules, as observed on cross section, which extended from the tip to the granular layer. The granular layer was about 0.5 m thick and relatively electron dense. The sarcocysts contained numerous lightstaining metrocytes and dark-staining bradyzoites. Metrocytes were primarily situated at the periphery of the sarcocyst with bradyzoites located centrally. Longitudinally cut bradyzoites were 1.1-1.9 m by 3.9-5.5 m (nϭ4) and contained organ- elles typical of Sarcocystis spp. bradyzoites , including numerous micronemes primarily in the conoidal end, a posterior nucleus, a few dense granules, and amylopectin granules throughout. Metrocytes were round to ovoid, of varying size, but larger than the bradyzoites and contained a few amylopectin granules.
An approximately 1,100 base pair (bp) PCR product was amplified using the S. neurona primers from DNA extracted from brain but not the muscle (Fig. 4) . This PCR product from the fisher isolate was cut into 884-bp and 216-bp segments by Dra I but was not digested with Hinf I, which is typical of S. neurona . The sequence of the PCR product was 99% identical to the SN6 strain of S. neurona, and the sequence has been deposited in the Genbank database (National Center for Biotechnology Information, Bethesda, Maryland, USA, www.ncbi.nlm.nih.gov/ Genbank, accession number AY466104). Toxoplasma gondii also was detected by PCR from brain and skeletal muscle specimens.
Although two species of protozoal parasites, S. neurona and T. gondii, were detected from brain tissue by PCR, the neurologic deficits and meningoencephalitis observed in the fisher appear to be due to infection with S. neurona. The microscopic features of schizonts and merozoites in neurons are consistent with S. neurona infection, and these organisms were immunohistochemically positive for Sarcocystis spp. but not for T. gondii. Ultrastructurally, the organism in the brain was consistent with a Sarcocystis sp. Schizonts were located in the cytoplasm without a parasitophorous vacuole, and similar to other Sarcocystis sp. and distinct from other coccidians, the merozoites lacked rhoptries . Lack of microscopic, FA, and IHC evidence of T. gondii in the brain indicates that it was not a factor in the encephalitis and was, probably, a latent infection.
DNA extracted from the skeletal muscle containing sarcocysts was negative for S. neurona by PCR; however, the ultrastructural feature of the sarcocysts in this fisher were very similar to those reported for S. neurona in other species, particularly the length of the villi and the interrupted, electron-dense layer lining the parastiophorous vacuolar membrane (Dubey et al., 2001a; Dubey et al., 2001b; Stanek et al., 2002) . Thus, failure to amplify S. neurona DNA from these sarcocysts may have been related to technical difficulties, or this organism may be an unrecognized Sarcocystis sp. that is morphologically similar to S. neurona.
The source of the Sarcocystis infection in this fisher is unknown. The main diet of fishers throughout their range in North America consists mainly of porcupines (Erethizon dorsatum), snowshoe hare (Lepus americanus), deer species (Odocoileus spp.), passerine birds, and vegetation, but fishers are also opportunistic feeders (Marten, 1994) . In North America, the Virginia opossum (Didelphis virginiana) serves as the definitive host for S. neurona (Fenger et al., 1997; Dubey and Lindsay, 1998) , and free-ranging mammals, including the Southern sea otter, striped skunk, raccoon, and the nine-banded armadillo (Dasypus novemcinctus), are aberrant, intermediate hosts of S. neurona (Dubey and Hamir, 2000; Cheadale et al., 2001; Dubey et al., 2001b) . The natural, intermediate host is still unknown, and the potential for other intermediate hosts should be investigated.
A number of Sarcocystis-like and T.
gondii protozoal infections in carnivores have been associated with current or preexisting immunosuppressive diseases, especially CDV (Reed and Turek, 1985; Stoffregen and Dubey, 1991) . It has been documented previously that other mustelid species, especially black-footed ferrets (Mustela nigripes), are susceptible to morbilliviruses, such as CDV (Williams et al., 1988 
